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New Values 

Of the Solubility Parameters 
From Vapor Pressure Data 



K. L. Hov 

Union Carbide Corporation* 



The solubility parameters of a bm«d spectrum 
of solvents and chemicals are calculated from vapor 
pressure data using an expression derived from the 
relationship of Haggenmacher. In the case oF high 
boiling liquids, the available vapor pressure data are 
foundto Tw unreliable when extrapolated .to room 
temperature and an alternate method of calculation is 
proposed. A structure. correlation is made using the 
method of Small and new values of the molar cohe- 
sion constants are developed. The problem of asso- 
nations of certain molecular species is " 
the concept of chameleonic character 



The classic compilation of data by Burreli 4 fa \ 
middle of the last decade has served as a basis } 
extending the usefulness of the concept by more > 
cent workers including Lieberman, 4 Prausnltz,* Ci 
don,* and Crowley et <£? However, since the work 
Buxrell there has been rio concerted effort to refine a: 
expand this basie information. ' 

The initial purpose of this work is not to seel; e 
planatiorw for notorious exceptions to the theory b 
rather to re-examine the source of the data and refis 
and expand it to a much broader working base. 



INTRODUCTION 

Although a few coatings e 
ognized the value of the contributions of £ 
Ftory, Scott, Huggins, and others, in the areas of poly- 
mer solubility and compatibility-only in recent years 
-have, the developed theories been applied to solve 
practical problems encountered in the coatings indus- 
try Perhaps the reason for the long span of time be' 
tween theory and applieatign-nearly 60 years since 
the initial work by van Larr— has Men the inability 
of the theory io adequately predict the behavior of 
the complex mixtures" required for practical vehicle 



s more sophisticated, 1 
by these and other workers 
adopted. 

The mathematical description of the solution pro- 
cess as first proposed by van Larr and later developed 
by Hifdehrand* and Scatchard? is centered around a 
concept introduced, and termed the "solubility pa- 
rameter," by Hildebrand. 



Calculation af Solubility Parameter 
From Vapor Pressure Data 

The solubility parameter is defined as: 

- * m -\y). : { 

where 8 is the solubility parameter, *E the intern: 
energy, and V the molar volume. Since aE = AH - 
PnV the solubility parameter becomes! 

In the final analysis the calculation of the soh 
bility parameter revolves around obtaining the valu 
of the beat of vaporization, Borrell used an empiricc 
equation developed by Hildebrand for hydrocarbon, 
and assumed the vapors behaved ideally. The parau 



. j Burrell and then « 

cording to several empirical rules he developed. 

It was decided to recalculate values for the soh: 
biUfy parameters from vapor pressure data and to ex 
tend the list as much as possible. 

A search of the literature reveals that one of th- 
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Curate expressions for ntahtte th* to«°f 
^Kr^sure data b.g»vw by the Haggemnacher- 
; 8 Han<,(3)Rnd(4)s 

P ( v.-v,) " If? 

M = mo1cc«S« weight 
R. s; gas C0R5iant 
■> -. T = tempwsture 

• T« =t tritiral temperature 
. P s; pt*»W« 
•J. Pc = critical pretsure _ 

*rj . aH =a heat oi v»poraau0n 

Using equations {3} and (4) and vapor pressure 
•fc'tieformof the Antoine equation (5): 



where P = pressure in mm Hgt t = mlm 
•cf Mid A, B. C are constant it is possible to derive 
agression for the solubility parameter as shown m 
'•equation (6): 

• Comequentty, fie following data are » 
ctlate the solubility parameter of a pure hqmd at ^ny 
desired temperature: Antoine constants A, B, and*,, 
critical tempore (Tc) critical P-^Jf >■ £ 
sity temperature (T) in degrees ate, and molecu- 
lar weight <M). 

Generally it is desirable to flbtataj the value of 
the solubility 'parameter at 23 C, la certam ff« ™ s 
temperature^ beyond the range of the usual Antoine 
expression. An examination of the Antoine equation 
tolcates the. source of the error, iUustrated by the 

. somewhat exaggerated diagram shown in Figure 1. At 
pressures between Fi'nf'I. Antome equation 
describes the vapor pressure-lcmperature relationship 
quite well. However, at lower and higher temperatures 
Ac deviation actually becomes intolerable and usually 
new set* of Antome constants are obtained. Unfor- 
tunately, these new Antoine constants are not always 
available. 

To circumvent this problem, mi alternate means 
Of reliably estimating the heat of vaporaahon * 
room temperature, from data at different (usually 

■ higher) values, is necessary. It has been found em- 

■ oJrieatty that at pressures below atmospheric pressure 
the later* heat of vaporization follows the relationship; 

ah s aire— • ; (7) 
In logarithmic form this becomes; 



l/T + C 

«»,,r, l-flhistratiort of fit of Antoine equation to 
e^itS SS" "exasserated tor visual in.erpre.at.on} 




>£ temperature Ort I 
Kydroeariwns 



on log o£ normal 
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where AH* is the heat of vaporization at some stan- 
dard temperature and m is a constant A test of aqua- 
tion (8) is shown in Figures' 2-6 for several different 
classes of compounds. As can be seen, the relationship 
seem? to be quite general 

Using this relationship it is possible to estimate 
the heat of vaporisation at SSZ C by calculating the 
heat of vaporization in the temperature range in which 



Xigure 5-EfEe« of «a»f*rMu« on log (4H/M) of" 



into equation (8) to determine the slops (m), and 
(AH"). With these two constants the heat of vapori- 
zation at 25 C ean be estimated. Table 1 shows the 
results of such an extrapolation for a variety of com- 
pounds. Based on these results it is believed that the 
maximum error is above sfe 4X or translated to solu- 
bility parameter, apprwunwteh/ ± 

The task of carrying out the calculations is rel- 
egated to a high speed digital computer- The data arc 
tabulated in three forms: (1) an alphabetical listing, 
(2) a listing in order of increasing solubility param- 
eters, and (3) in order of increasing boiling points. 
In addition to solubility parameters and bailing points, 
data on molecular weight, vapor pressure at 28 C and 
density in ft*./gaUon at 25 C are included. Solubility 
parameter date for more than 630 compounds have 
been calculated and are shown in' the tabulations. 
Some materials not normally considered solvents are 
included because of the usefulness of these data, to 
chemists interested in finding reaction media for vari- 
ous processes. Moreover, it was desired to obtain as 
many different structural types as possible-for a sys- 
tematic correlation of structure and solubility param- 
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• NEW VAIUSS Of 



THE SOMSIltrV WUWtaETSRV FROM VAPOR PRESSURE PrffA 



e i-Co»p»I«>n of Estimated ami Ob«r«d Value, «f Solubility I 




IMSM1 

18,989.57 

l3.S6S.77 
l2pW,S3 

13.7BJ-BS 
12,431.65 
53312.76 



m .'838 



Stroeiurt ConeUiien* 

Small 3 developed a method for estimating the 
I- value of the solubility parameter from chemical staus. 
t tuns through additive group and constitutive molar at- 
; traction constants. ' 

One of the objectives of die present project is to 
' re-examine these molar attraction constants over a 
broad spectrum of compounds using m«Kpte ^regres- 
sion analysis. This is readily accomplished with high 
• speed dipttl computers. In the course of ^ this uwsti- 
! gktion it became apparent as was expected, «sat tfte . 
. Snly compounds which did not reliably yield toanaly- 
• ' d the acids, alcohols and other compounds 



' IStl.T 

iset.3 

IM0.1 
1SI6.4 
15403 

ism 

IS3S-2 



I29J.7 ' 
1281.9 



12.031 
-7.719 • 



' KUHJ5. 



ninds might fulfill the 



that caibosylic acids exist as 
factors must be ir- — - 



rated in the oafeulaeou -of the solubility' parameter. 
Equation (1) for solubility parameter can be ex~ 
pressed as: 

■ where ^ ^-r&^lffu) 



analysis was based on monomelic acids, 
"ericiorm. if the structural features of the dimen 



Table S-C»ireI»tioa 



of Mobr Volume Conerion 

Ot ClycoVSlbera 



A^icdd".;-: jm« 

......S056.7 



2 Ethyl-S propyl acrylic 




S077.7 
H7S.9 
1551-S 
2005,5 
12S0.S 
X099.6 
1811.9 



Vol. 42, No, 541. February 1970 



'O8MO30 (I) 14*540 0-0362039480 



P. 13/18 



M 



i 



In the case of dimeric carbtwylic acids, however, the 
actual molecular weight is two times the simple for- 
mula weight (M). and the solubility parameter be- 
comes; 

In a like manner the molar-volume cohesion (C) lor 
dimeric cftrbosylic aeids is given by equation (11): 

G^Zf.^ (II) 

The value of the solubility parameter of acetic 
acid when calculated from vapor pressure data and 
considered as an unawociated molecule is 13.01. How- 
ever, when considered as a dimer, its value is 9-19. It 
is apparent that the dimeric form wjj] have quite dif- 
ferent solubility characteristics from the monomerie 
form, and it Is therefore understandable that acetic 
acid is soluble in such diverse solvents as water (S 
=5 23,5) as well as heptane (5 = 7.5). Treatment of 
a scries of M carboxyfic acids by multiple regression 
analysis using the dlmerie Structure I has given satis- 
factory results, as listed in Table % 

"o-H — ~<f 



Another group of solvents which have evaded cor- 
relation by simple structure considerations are the gly- 
col-ethers.* la these cases it is possible to postulate the 



intramolecular-hydrogen bonded Structure II, Using 
this structure it is possible to correlate the molar 
volume cohesion by regression analysis. The results 
of these correlations are shown in Table 3. 

In this analysis, as well as in the case of the acid, 
over 640 organic compounds were considered. The 
s consisted of aliphatic hydrocarbons, aromatic 
wrbons, ketones, esters, and ethers. The over- 
>sis is the most reliable to date and accounted 
TSJvof the residual sum of squares. -She-molar 
a constants generated are given 

■ ■—* -, a cursory examination o"*^"* 
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Table S-Effeu at Sn 
In Waier and Hydrocax 


gtcture on Solubility 
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CH, — CHCH, 












ethpxy&propanol 




CH= — CH-Crt* 

V 

I.tiieiHasy-S-prapanel 





CH,-Cll ^CH, 

v . 

S-nwdiyl IJ bttunediol 



that if the energy requirements can be fulfilled either 
by simple dimerizaJKon or intramolecular association, 
then that part of the molecule tends to adopt the 
character of the surrounding environment; i.e., in polar 
solvents the materials are capable of interacting as 
polnr solvents, while in non-polar solvents the polar 
interactions are self-contained and the materials tend 
to beluw* in a non-polar manner. It is proposed that 
. this ability to assume the character of the surrounding 
environment be termed "chameleonic*' after the reptile 
which is able to assume the color of his background. 

The chameleonic principle has wide ramifications 
when applied to practical problems; for example, the 
puzzling compatibility of the vinyl resin VAGH,' as 
compared to vinyl resin VYHH.f VYHH is a vinyl 
chloride-vinyl acetate copolymer and VAGH is a. back 
hydrolyzed. version of VYHH. Yet VAGH has a broad 



DR. K. L. HOY received the' B.5. Begree 
frtin <he Urivcrriiy of Wyoming in 1950. 
and [he Ph.D. Degree from the Umvertliy 
of Sot* Carolina in 1953. In 1955 he 
joined Union Carbide Corp. and is cur- 
rently a Croup- leader in the Retearch 
and Development Department. He has 
worked on vinyl polymer*, Mslvents, pUs- 
ureCluiKt. cpewiej. and alkvds, 




pjrileutsr einphiiis on coatings, At 
tt hi> gtoup is responsible tor fun- 
nel work In dispersion sysicroi. 



spectrum of compatibility with polar and relative!} 
non-polar solvents and resins in contrast to VYHH 
Further inclusion ol other hydroxy containing mono- 
men in the polymer do not produce the dramatic 
effect of the vinyl alcohol moiety. However, if the 
vinyl chloride-vinyl alcohol entity operates as a cha- 
meleonic Structure XII then it would be expected that 
VAGH would have a unique broad spectrum compati- 
bility and solubility which can not be duplicated by 
the use of other monomers such as hydroxy ethyl 
acrykte. 

-CH 3 -CH CH— 



This explains why certain glyeoi-ether*" solvents 
are useful as coupling solvents for sdubilfemg rela- 
tively non-polar resins in water, the use of glyeol- 
ethorstf to prevent blushing and cratering of non- 
polar resins during 'tlrying under humid conrEtions can 
also be explained by the chameleonic principle, 

SUMMARY 

Over 6S0 values of the solubility parameter have 
been calculated from vapor pressure data and pre- 
sented in tabular form. From the data obtained ithas 
been possible to expand the usefulness of Smalls Mo- 
lar Cohesion constants. The chameleonic nature of 
associated molecules is discussed as a means of under- 
standing certain observed physical phenomena* par- 
ticularly puzzling solubility characteristics, of solvents 
which have evaded simple, structure correlations. 
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ABSTRACT 



There is provided an air filter, which has a long lifetime and 
permits to capture effectively carbon particles and reduce 
costs. The air filter has the first filter layer 11 impregnated 
with oil and the second filter layer 12, which is provided on 
the downstream side of the first filter layer 11 and serves as 
a lipophobic layer having an oil-repellent property. The filter 
material of the first filter layer 11 has a higher density than 
the filter material of the second filter material 12. 

20 Claims, 9 Drawing Sheets 
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FIG. 7 



FILLED WITH 

ISOPROPYL ALCOHOL 




PRESSURE IS MEASURED 
AT THE TIME WHEN A SINGLE 
BUBBLE FIRST COMES OUT AND 
THE MAXIMUM PORE SIZE IS 
OBTAINED FROM A CONVERSION 
TABLE 
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AIR FILTER me second filter layer that is formed of the filter paper 

having the low density and subjected to an oil-repellent 
treatment so as not to be impregnated with oil, captures 
TECHNICAL FIELD carbon particles, on the other hand, thus performing effec- 

s live filtering operations by means of both filter layers. In 
The present invention relates to an air filter, and especially general; me thickness of the second filter layer is determined 
to an air filter, which permits to capture efficiently carbon Qn ^ basig of specification 0 f capturing the carbon par- 
particles, tides. According to the present invention, the second filter 

R APKGROUND OF THE INVENTION la y er has the ^P 6116111 P ro P ert y over me entire ^^f" 

BACKGROUND Ob 1 HE IN VfcJN 1 1UIN ^ ConsequeDtlV; the oil in the first filter layer is not earned by 

As an air filter for a vehicle, there has been known a any portion of the second filter layer in its thickness 

wet-type filter having filter paper impregnated with oil. direction, thus making it possible to cause the second filter 

Viscose oil is generally used as impregnation oil. layer over its entire thickness to capture effectively the 

Accordingly, it is called the "viscose type" air filter. The carbon particles. On the contrary, in case where the second 

viscose type air filter has an advantage of extended lifetime is filler layer is provided only in the upstream portion with a 

in comparison with the dry-type filter, which is not impreg- Hpophobic layer, the oil in the first filter layer may penetrate 

nated with oil. In the viscose type air filter, oil on the surface through the Hpophobic layer, thus causing a problem that the 

of the filter captures dust and then the oil penetrates into the carbon particles cannot be captured effectively over the 

captured dust so as to provide a function of capturing the entire thickness of the second filter layer. Each of the filter 

other dust on the surface of the captured dust. Such a chain 2 o layers is formed of filter paper and it is therefore possible to 

capture of dust permits to increase an amount of captured prevent occurrence of dust permeation at a high flow rate 

dust per volume of the filter. and in a serious pulsation and reduce material cost to the 

Japanese Utility Model Publication No. S63-27767 minimum. In addition, the filter material of the first filter 

describes the improved viscose type air filter. The air filter material has a higher density than the filter material of the 

described in Japanese Utility Model Publication No. S63- 25 second filter layer and pressure loss can also therefore be 

27767 is a laminate of the first filter material having a minimized. 

relatively high density and the second filter material having An embodiment of the present invention is characterized 

a relatively low density. Such a laminate structure permits to in that said first filter layer and said second filter layer are 

make oil impregnation ratios in the first and second filter combined integrally with each other, 

materials different from each other, resulting in prevention 30 According to the present invention, the first filter layer 

of clogging of the filter, providing an effective capture of anc j the second filter layer can be combined integrally with 

dust. each other, thus providing a simple layer structure. The 

The wet-type filter impregnated with oil has a problem entire thickness of the filter can be adjusted, as an occasion 

that carbon particles cannot be captured effectively. The demands. 

dry-type filter, which is not impregnated with oil, can 35 An embodiment of the present invention is characterized 

capture effectively carbon, but has a problem of a decreased by further comprising an additional layer, 

amount of captured dust per volume of the filter. Use of According to the present invention, the additional layer as 

non-woven fabric leads may cause problems that dust per- included can improve performance of the filter element, 

meation occurs at a high flow rate and in a serious pulsation ^ ^ g^^jment 0 f the present invention is characterized 

and costs increase. jjj tjj at sa jd first filter layer has a pore size of from 70 fim to 

DISCLOSURE OF THE INVENTION ^ ^ second mter la ? er haS a P° re size ° f fr ° m 
100 /an to 180 fim. 

An object of the present invention, which was made in Grounds for limiting the pore size of the first filter layer 

view of the above-described circumstances, is therefore to 45 of from 70 ^ t0 12 o and the pore size of the second 

provide an air filter, which permits to provide a large amount filter layer of &om 10 0 fim to 180 ftm are described below, 

of captured dust per volume of the filter, capture effectively First> d escr iption will be given of grounds for limiting the 

carbon particles and reduce costs. pore size 0 f the first filter layer of from 70 fan to 120 fim. 

The present invention will be described below. Reference The present inventors made an experiment on an amount of 

numerals in the accompanying drawings will be given with 50 experimental dust established by the JIS (Japanese Industrial 

' i order to facilitate understanding of the Standard) #8, which penetrates through the first filter, while 



present invention. However, the present invention is not gradually changing the pore size. FIG. 8 shows the results of 

limited only to embodiments as illustrated. the experiment. An abscissa denotes the pore size (fan) and 

In order to attain the aforementioned object, an air filter an ordinate shows an amount of captured dust according to 
(10) comprises: a first filter layer (11) impregnated with oil; 5 5 the JIS #8, which penetrates the first filter. It is recognized 

and a second filter layer (12) provided on a downstream side from FIG. 8 that, with the pore size of over 120 fim, a sieve 

of said first filter layer, said second filter layer being com- diameter becomes large so as to increase an amount of the 

posed of a lipophobic layer having an oil-repellent property, dust, which penetrates the first filter, deteriorating punfica- 

each of said first filter layer (11) and said second filter layer tion efficiency. On the contrary, with the pore size of less 
(12) being formed of filter paper, filter material of said first 60 than 70 fan, an amount of the dust, which penetrates the first 

filter layer (11) having a higher density than filter material of filter, is rapidly decreased. Consequently, an amount of the 

said second filter layer (12), and said second filter layer (12) dust captured by the first filter rapidly increases, thus 

being composed of said lipophobic layer over an entire decreasing the lifetime of the filter, 

thickness. Then, description will be given of grounds for limiting the 



According to the present invention, the first filter layer 65 pore size of the second filter layer of from 100 fim to 1: 
that is formed of the filter paper having the high density and fim. The present inventors made an experiment on an 
is impregnated with oil, captures dust on the one hand, and amount of carbon, which penetrates through the second 
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filter while gradually changing the pore size. FIG. 9 shows The filter element la of the first embodiment as shown in 

the results of the experiment. An abscissa denotes the pore FIG. 2 is provide with the first filter layer 11 having filter 

size (im) and an ordinate shows an amount of captured element impregnated with oil such as viscose oil and the 

carboTwhich penetrates the second filter. It is recognized second filter layer 12, which is composed of a hpjote 

from FIG. 9 that, with the pore size of over 180 fan, a sieve 5 ayer having an oil-repelbnt property B°th the firs ffl te 

diameter becomes large so as to increase an amount of the layer 11 and toe second fi Iter layer 12 ^e form ed of filter 

carbon, which penetrates the second filter, deteriorating paper. The filter matenal of the first filte layer 11 has a 

purification efficLcy. On the contrary, with the pore size of higher density than the fiher matenal of the ^nd filter 

fessthanlOO^anamountoftheca^whichpenetrates layer 12. The second filter layer U is formed as he 

the second filte , is rapidly decreased. Consequently, an 10 hpophobic layer over the en ire thickness 

amount of the dust Jptu ed by the fi«t rapidly ^ ^o^^dln^ to 

increases, thus decreasing the MetKne of the filter. ^ ^ layer u under 

Limiting the pore sizes of the first filter layer and the ^ oil Uenl property 0 f the lipophobic 

second filter layer within the above-mentioned ranges makes downstream -side end face 12b of the second filter 

it possible to mcrease the hfetime of the filter, without 15 la ^ r ^ is d t0 come mt0 contact ^ air . The upper 

deteriorating purification efficiency of the filter. sur f aC e of the first filter layer 11 oozes with the oil impreg- 

An embodiment of the present invention is characterized nate(j ^ the fifSt fiher layer n t0 prov j de a condition in 
in that said second filter layer has a downstream end, which wMch dus( can easily be caplured . i mpar ting the oil- 
is exposed. M re pellent property to the second filter layer 12 makes it 

According to the present invention, it is possible to possible to provide a filter layer for capturing carbon 

prevent oil from adhering to the downstream end of the particles, which have not been captured by the first filter 

second filter, permitting a more effective capture of the layer u i mpre gnated with the oil and passed through the first 

carbon particles utilizing the second filter layer. gi ter i ayer u under the function of contact filtration. 

The air filter may be manufactured by subjecting the 2J The lipophobic property can be imparted to the second 

second filter layer to an oil-repellent treatment and then nlter i ayer 12 with the use of material as properly selected, 

combining the first filter layer and the second filter layer having the oil-repellent property such as filter paper impreg- 

integrally with each other, or by combining the first filter nated ^th fluorine contained resin. The first filter layer to be 

layer and the second filter layer integrally with each other, impregnated with oil by the subsequent step and the second 

subjecting the second filter layer to the oil-repellent treat- 3Q filter layer, which is formed of filter paper to be impregnated 

ment and then impregnating the first filter layer with oil. with the above-mentioned fluorine contained resin may be 

BRIEF DESCRIPTION OF THE DRAWINGS ^ST^^^J^t 

FIG. 1 is a cross-sectional view illustrating an embodi- mentioned two layers utilizing a method comprising the 

ment of an air filter of the present invention; 35 steps of combining the first filter layer and the second filter 

FIG. 2 is a cross-sectional view illustrating a filter element layer together (for example into a filter layer having a single 

of the first embodiment; layer structure), impregnating the first filter layer (for 

FIG 3 is a cross-sectional view illustrating the filter example the upper half portion of the above-mentioned 

element of the second embodiment (FIG. 3(A) shows the single filter layer) with oil and applying lipophobic agent to 

filter element as being manufactured and FIG. 3(B) shows 40 the second filter layer (for example the ower half portion of 

the filter element as completely manufactured); the above-mentioned single filter layer). In such a case an 

^WZTSSLT iuustratin8 the fflter ^^^^^^^ 

element of the third embodiment, a kiss-rofi coating method), a dipping method and the other 

FIG. 5 is a view illustrating generally the filter element of ^ fe appUcable Such an app ii cation method provides 

the fourth embodiment; advantages of forming the lipophobic layer with an easy 

FIG. 6 is a view illustrating generally the filter element of p roc ess. 

the fifth embodiment; In (he second embodiment as shown in FIG. 3(A), the 

FIG. 7 is a view illustrating a device for measuring a pore fiUer element it, is obtained by combining the first filter 

size; 50 layer 11 having the filter material impregnated with oil and 

FIG. 8 is a graph illustrating the relationship between the me second filter layer 12 composed of the lipophobic layer 

pore size and an amount of dust captured in the first filter by an adhesive layer 13. The first filter layer 11 and the 

layer; and second filter layer 12 are joined together so as to permit air 

FIG. 9 is a graph illustrating the relationship between the to pass through the contacting surfaces of these layers. After 

pore size and an amount of carbon captured in the second 55 completion of the manufacturing steps, the adhesive agent 

filter layer. 13 permeates into the first filter layer 11 and the second filter 

layer 12 so as not to form any gap between the first filter 

BEST MODE FOR CARRYING OUT THE layef u and tne ^ cond flUer layer 12 M shown in FIG. 3(B). 

INVENTION Abo m the embod jment the upper surface of the first filter 

Now, embodiments of an air filter of the present invention so layer 11 oozes with the oil impregnated in the first filter layer 

will be described below with reference to FIGS. 1 to 6. 11 to provide a condition in which dust can easily be 

An air filter 10 as shown in FIG. 1 is composed of a captured. Imparting the oil-repellent property to the second 

pleated filter element 1 and a frame member 2, which is filter layer 12 makes it possible to provide a filter layer for 

formed of plastic into a rectangular shape to support the filter capturing carbon particles under the function of contact 

element 1. As shown in FIG. 1, the filter element 1 is 65 filtration. The embodiment describes the state in which no 

subjected to an insert injection to form the frame member 2 gap is formed between the first filter layer 11 and the second 

to which a peripheral portion of the filter element 1 is fixed. filter layer 12 after completion of the manufacturing steps. 
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The adhesive layer 13 may however be left between the first 
filter layer 11 and the second filter layer 12 so that these 
layers 11 and 12 are apart from each other. 

In the method for manufacturing the filter element of the 
embodiment, the first filter element 11 and the second filter 
element 12 are place one upon another through the adhesive 
agent to combine them together and then the first filter layer 
11 is impregnated with oil. 

As the adhesive agent used for the adhesive layer 13, it is 
preferable to select and use for example a hot-melt material, 
taking into consideration the manufacturing steps of the 
filter and conditions under which the filter as manufactured 
is used. Such a hot-melt material may include olefin material 
or polyester material. 

In the first and second embodiments, an appropriate value 
may be selected, as the pore size of the first filter layer 11, 
for example from the range of 70 fim to 120 fjm in accor- 
dance with a performance required for the air filter. The 
capturing efficiency of dust in the first filter layer 11 is 
determined so that the filter sieve can capture the dust. 
Consequently, the value of the pore size is set taking into 
consideration the particle size of the dust to be captured and 
pressure loss. 

The pore size of the second filter layer 12 having the 



specifically, what can effectively be captured by means of 
the first filter layer 11, is dust other than the carbon particles. 

The air, which has passed through the first filter layer 11, 
enters the second filter layer 12. The second filter layer 12, 
which is the lipophobic filter having the oil-repellent prop- 
erty and has the sparse (i.e., low density) filter material, can 
provide an effective capture of the carbon particles. The 
second filter layer 12 may capture the carbon particles under 
the function of contact filtration. 
1 According to the air filter of each embodiment of the 
present invention, the first filter layer 11 effectively captures 
dust other than carbon particles and the second filter layer 12 
effectively captures, over its entirety in the thickness 
direction, the carbon particles, which have passed through 
the first filter layer 11. Consequently, the air filter as a whole 
effectively captures both of the carbon particles and the other 
dust. In the embodiment of the present invention, the second 
filter layer 12 captures the carbon particles under the func- 
tion of contact filtration, unlike the conventional air filter in 
which the filter materials are disposed so that the density of 
0 the filter materials becomes higher in the downstream direc- 
tion of the flow of air. As a result, it is possible to make the 
density of the filter material of the second filter layer 12 
lower than that of the first filter layer 11, thus reducing 
pressure loss. 



lipophobic property is set for example to a value within the 2S Jq ^ w fiUer> oi] genera u y move s to the down- 

range of from 100 fan to 180 urn. Such a setting leads to the sjde of flow of ak mrough a phenomenon called 

pore size of the entire filter element of 70 /an to 120 /an. A « carrvin „ oS » by air In the air filter of the embodiment of 
reason for using the filter material having a relatively large ^ > invention> the second filter layer 12 serving as 
pore size for the second filter layer 12 is that the second niter ^ £ hobic layer fa prov i d ed on the downstream side of 
layer 12 is to be used to capture carbon particles under the M ^ ^ fiUer . u There is ensured a state i n which oil 
function of contact filtration and it is unnecessary to make ^ ^ easily moyes (Q the second filter i ayer 12 under the 
the filter material dense. Making the filter material of the function of the ou _ re pellent property of the lipophobic layer, 
second filter layer 12 sparser than the filter material of the impregnated in the filter layer 

first filter layer 11 can rather reduce pressure loss. jT mfluence on the property' of capturing carbon P ar- 

The filter element lc of the third embodiment as shown in ^ ^ ^ . tion of the flller i ayer with oil lower 

FIG. 4 is provided with the first filter layer 11 having the capturing p r0 p 6r ty. Accordingly, if the second filter layer 

filter material impregnated with oil, the first intermediate fe ? r * ted ^ oil; tne car bon particles cannot be 

layer 15, the second intermediate layer 16 and a clean layer caDtured effectively. In the embodiment of the present 
17, which are disposed in this order from the upstream side m £ entj the filter layer n is the lipophobic layer 

to the down stream side. In the embodiment, the second filter describ6d aboV e so as to prevent the oil from moving. As 

layer composed of the lipophobic layer having the oil- « ^ almost n0 movement of oi i f rom th e first filter layer 
repellent property serves as any one of the first intermediate ^ ^ second fi]tef . n occurs ^ filter layer 

layer 15, the second intermediate layer 16 and the clean can be kept free &om 0U; thus making it possible to maintain 
layer 17. With respect to the other layer, material, a pore capturine property by which carbon particles can be 

size, thickness and the other conditions may be determined P^JSP ^ \ J ng ^ of time 

taking into consideration object ^^Ihe M^Th, 45 ^ ^ ^ ^ ^ ^ (o ^ ^ ^ ter 

layer 12 and there is no possibility that the oil is earned to 
the further downstream side of the second filter layer 12. 
Accordingly, when the air filter of the embodiment of the 
present invention is mounted on an intake system of an 
50 engine for a vehicle, there occurs no inconvenience that the 
oil is sucked into the downstream side of the air filter. In case 
where the third filter layer and the fourth filter layer are 
provided on the downstream side of the second filter layer 
12, it is therefore preferable to arrange them so that the 
55 densities of these filter layers becomes lower in the flowing 
direction of air. 

In case where the air filters in both embodiments of the 
present invention are used as an air filter for a vehicle, it is 
preferable to limit the entire thickness of the filter element 
60 1 within the range of from 0.80 mm to 3.50 mm, and more 
preferably within the range of from 0.90 mm to 1.75 mm. In 
such a case, it is preferable to limit the thickness of the first 
filter layer within the range of from 0.3 mm to 0.75 mm and 
the second filter layer within the range of from 0.6 mm to 
6 5 1.00 mm. 

In the embodiment of the present invention, the filter 
element 1 is pleated so as to increase the substantial area of 



material for the other layer may be formed for example of 
filter paper or non-woven fabric. In case where the filter 
paper is used, a water-repellent treatment applied to it makes 
it possible to prevent water from being sucked into the inside 
of an engine, even when a suction port of an intake system 
is located in a place in which water is easily be sucked. 

Now, a filtering operation of the air filter of the embodi- 
ment of the present invention will be described. An arrow 
with a reference symbol "A" in FIGS. 1 to 4 denotes a 
flowing direction of air. As shown in FIGS. 2 to 4, air first 
passes through the first filter layer 11 and then through the 
second filter layer. 

As described above, the first filter layer 11 is a wet-type 
filter layer, which is impregnated with oil. A dense structure 
of the filter material and existence of oil impregnated therein 
are essential to effective capture of dust. A condition that the 
filter layer, which is dense and impregnated with oil, exists 
so as to face an air passage, is also essential to a sufficient 
capture of dust. Accordingly, use of the first filter layer 11, 
which satisfies these conditions, makes it possible to effec- 
tively capture dust in the air. However, the filter material 
impregnated with oil cannot generally provide an effective 
capturing effect of carbon particles in the air. More 
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the filter, as shown in FIGS. 1 to 6. The filter element 1 may 
be used in an extended flat state as shown in FIG. 5(c). FIGS. 
5(a) and 5(b) illustrate examples of the filter elements 1, 
which are pleated into a panel-shaped filter. It is also 
possible to form the filter elements 1 into a tubular shape and 
a chrysanthemum shape as shown in FIGS. 6(a) and (b), 
respectively, so that air can pass through the filter elements 
1 from the inside to the outside, and vice versa. The shape 
of the filter element can be selected freely in such a manner. 



when a single bubble first comes from the upper surface of 
the filter 23 into the isopropyl alcohol. 

A pore size (fan) is obtained on the basis of the thus 
; obtained pressure difference utilizing a conversion table 
indicated below. The conversion table as conventionally 
used utilizes a unit "mmaq" for the pressure. A unit "Pa" 
according to the SI unit system is also indicated in the 
following table. 



TABLE 1 



PRESSURE PRESSURE PORE SIZE PRESSURE PRESSURE PORE SIZE PRESSURE PRESSURE PORE SIZE 
mmAq Pa fan mmAq Pa /"n mmAq ™ 

119 1166.2 85.2 

120 1176.0 84.4 

121 1185.8 83.6 

122 1195.6 82.8 



656.6 
666.4 
676.2 



1068.2 
107S.0 
1087.8 



1450.4 
1460.2 
1470.0 
1479.8 



Brief description will be given below of a testing method 45 
for measuring the pore size set forth in the above-described 
embodiments, with reference to FIG. 7. A disk-shaped filter 
23, which serves as an sample and having a diameter of 29 
mm, is held air-tightly between two aluminum pipes 21, 22. 
The' lower aluminum pipe 22, which is placed below the 50 
filter 23, is provided on the lower end side with a valve 26 
for maintaining a constant pressure of air in the pipe 22. The 
valve 26 is connected to an air supply device 28 having an 
air compressor. 

An air sampler pipe 25 is fitted to the side surface of the J5 
aluminum pipe 22. The air sampler pipe 25 is connected to 
a pressure gauge 27. The pressure gauge 27 can measure the 
pressure of the inside 24 of the aluminum pipe 22 in this 
manner. 

Prior to measurement of the pore size, the aluminum pipe 
21, which is placed above the filter 23, is filled with 
isopropyl alcohol. The inside 24 of the aluminum pipe 22 is 
equal to the atmospheric pressure. Then, the valve 26 is 
gradually opened to supply air from the air supply device 28 
so as to gradually increase the pressure of the inside 24 of 
the aluminum pipe 22. Pressure difference between the 65 
atmospheric pressure and the inside 24 of the aluminum pipe 
22 is measured utilizing the pressure gauge 27 at the time 



According to the present invention, the first filter layer, 
which is formed of a dense filter paper and impregnated with 
oil, captures dust and the second filter layer, which is formed 
of a sparse filter paper and is not impregnated with oil, 
captures carbon particles so that the both filter layers can 
perform an effective filtration. In addition, the second filter 
layer has the lipophobic property over its entire thickness. 
The oil of the first filter layer is not carried to any portion of 
the second filter layer, thus making it possible for the second 
filter layer to capture effectively the carbon particles over its 
entire thickness. Further, the filter material of the second 
filter layer is sparser than the filter material of first filter 
layer, thus reducing pressure loss. 
What is claimed is: 
1. An air filter comprising: 

a first filter layer formed of a first filter paper material 
having a predetermined density, said first filter layer 
being impregnated with oil; and 
a second filter layer provided on a downstream side of 
said first filter layer so as to be independent from said 
first filter layer, said second filter layer being formed of 
a second filter paper material having a lower density 
than said predetermined density of said first filter layer, 
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said second filter layer being impregnated over its 
entirety with an oil-repellent agent. 

2. The air filter as claimed in claim 1, wherein: 

said first filter layer and said second filter layer are 
combined integrally with each other. ■ 

3. The air filter as claimed in claim 1, further comprising 
an additional layer. 

4. The air filter as claimed in claim 1, wherein: 

said first filter layer has a pore size of from 70 /an to 120 ^ 
fim and said second filter layer has a pore size of from 
100 fan to 180 fim. 

5. The air filter as claimed in claim 1, wherein: 

said second filter layer has a downstream end, which is 
exposed. 15 

6. The air filter as claimed in claim 2, wherein: 

said second filter layer is subjected to an oil-repellent 
treatment and then said first filter layer and said second 
filter layer are combined integrally with each other. 

7. The air filter as claimed in claim 2, wherein: 2 o 
said first filter layer and second filter layer are combined 

integrally with each other; and then, 
said second filter layer is subjected to an oil-repellent 
it and said first filter layer is impregnated with 



oil. 

8. The air filter as claimed in claim 2, further comprising 
an additional layer. 

9. The air filter as claimed in claim 3, wherein: 

said first filter layer has a pore size of from 70 fim to 120 ^ 
fim and said second filter layer has a pore size of from 
100 fan to 180 fim. 

10. The air filter as claimed in claim 3, wherein: 

said second filter layer is subjected to an oil-repellent 
treatment and then said first filter layer and said second 35 
filter layer are combined integrally with each other. 

11. The air filter as claimed in claim 3, wherein: 

said first filter layer and second filter layer are combined 

integrally with each other; and then, 
said second filter layer is subjected to an oil-repellent 40 

treatment and said first filter layer is impregnated with 

oil. 

12. A air filter, comprising: 

a first layer of a first filter paper impregnated with oil; and 
a second layer of a second filter paper placed in a 
downstream air direction adjacent the first layer, 



a density of the first filter paper being greater than a 

density of the second filter paper, 
the second layer formed as an oil-repellent lipophobic 

layer over an entire thickness of the second layer. 

13. The filter of claim 12, wherein, 

a downstream face of the second layer is exposed to air, 
an upper, upstream face of the first layer oozes with the 
oil. 

14. The filter of claim 12, wherein the second layer is 
impregnated with a resin containing fluorine. 

15. The filter of claim 12, further comprising: 

an adhesive layer binding the first layer with the second 
layer with the first and second layers contacting one 
another, 

the adhesive layer penetrating a downstream side of the 
first layer and an upstream side of the second layer. 

16. The filter of claim 15, wherein the adhesive layer 
comprises one of an olefin material and a polyester material. 

17. The filter of claim 12, wherein, 

the first layer has a pore size of from 70^ to 120 fim and 
the second filter layer has a pore size of from 100 fim 
to 180 fim. 

18. A air filter, comprising: 

a first layer of a first filter paper impregnated with oil; 
a second layer of a second filter paper placed in a 
downstream air direction contacting the first layer; and 
a hot-melt adhesive layer binding the first layer with the 
second layer, the adhesive layer penetrating a down- 
stream side of the first layer and an upstream side of the 
second layer, 

a density of the first filter paper being greater than a 

density of the second filter paper, 
the second layer formed as an oil-repellent lipophobic 
layer over an entire thickness of the second layer. 

19. The filter of claim 18, wherein the second layer is 
lpregnated with a resin containing fluorine. 

20. The filter of claim 18, wherein, 
the first layer has a pore size of from 70 fim to 120 fim and 

the second filter layer has a pore size of from 100 fim 



